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ADJUSTABLE NOZZLE FOR WAFER BEVEL 
CLEANING 

FIELD OF THE INVENTION 

The present invention relates generally to an apparatus 
and a method for cleaning thin discs, Such as Semiconductor 
wafers, compact discs, glass Substrates and the like. More 
particularly, the invention relates to cleaning the edges of a 
thin disc. 

BACKGROUND OF THE INVENTION 

Semiconductor device manufacturing equipment may 
employ the use of a nozzle for spraying fluid (e.g., deionized 
water, SC1, etc.) or an etchant (e.g., nitric acid, etc.) onto a 
Semiconductor Substrate on which the Semiconductor device 
is or will be formed. In practice, Such Semiconductor device 
manufacturing equipment may require accurate positioning 
of the nozzle So that the fluid or etchant impacts only a 
Specific portion of the Semiconductor Substrate. For instance, 
when a nozzle is employed within an edge bead removal 
chamber (an EBR chamber), which is adapted to etch the 
edge of a Semiconductor Substrate So as to remove a specific 
material (e.g., copper) formed thereon, the nozzle must be 
accurately positioned to Spray the etchant only onto the edge 
portion of the Semiconductor Substrate because the etchant 
otherwise may undesirably remove material from the major 
Surface of the Semiconductor device. 

It is difficult, however, to accurately position a nozzle due 
to the many variables that have to be taken into account. 
Such variables may include specific angles (e.g., the angle 
between a nozzle and a line tangent to a Semiconductor 
Substrate) and the distance between the nozzle and the 
Semiconductor Substrate. 

Accordingly, an improved method and apparatus is 
needed that may calibrate a nozzle's position, may reduce 
the number of position variables, and may allow for varia 
tion of at least one of the position variables. 

SUMMARY OF THE INVENTION 

An inventive method is provided that (1) prevents varia 
tion in (i.e., fixes) a process height of a nozzle relative to a 
Substrate Support, (2) fixes an angle of incidence measured 
between the nozzle and a Substrate Supported by the Sub 
Strate Support, and (3) allows variation in an impact angle 
measured between a fluid Sprayed from the nozzle and a line 
tangent to a Substrate impacted by the fluid Spray. The 
inventive method may be performed in any conventional 
apparatus that may require accurate positioning of a nozzle. 
For example, the inventive method may be employed within 
an Edge Bead Remover(EBR) chamber. 

In addition to the inventive method, an inventive nozzle 
assembly is also provided. The inventive nozzle assembly 
comprises a nozzle and a nozzle mounting location config 
ured Such that when the nozzle is mounted to the nozzle 
mounting location, the nozzle's process height and the fluid 
Sprays angle of incidence are fixed, while the fluid Spray's 
impact angle may vary without affecting the point at which 
the fluid impacts the Substrate (i.e., a fluid impact point). 

Other features and aspects of the present invention will 
become more fully apparent from the following detailed 
description of the preferred embodiments, the appended 
claims and the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a flowchart of the inventive nozzle calibration 
method that may be performed in any apparatus that may 
require accurate positioning of a nozzle; 
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2 
FIGS. 2A and 2B are a schematic side elevational and a 

Schematic top plan View, respectively, of an inventive nozzle 
positioned relative to a Substrate; 

FIG. 3 is a bottom perspective view of the pertinent 
portions of the EBR chamber that may perform the inventive 
nozzle calibration method; and 

FIG. 4 is a close up side perspective view of the inventive 
nozzle assembly of FIG. 3. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

An inventive nozzle calibration method is provided that 
may quickly and accurately position an inventive nozzle. 
The inventive nozzle calibration method may be performed 
in any conventional apparatus that may require accurate 
positioning of a nozzle, Such that a point of impact between 
the Substrate and a fluid sprayed from the nozzle (i.e., a fluid 
impact point) may remain fixed as described further below 
with reference to FIGS. 1-2B. The inventive nozzle cali 
bration method may be performed in, for example, an edge 
bead removal chamber (EBR chamber) as described further 
below with reference to FIGS. 3–4. 
The inventive nozzle calibration method 11 will be 

described with joint reference to FIGS. 1-2B. FIG. 1 is a 
flowchart of an inventive nozzle calibration method 11 that 
may be performed in any apparatus that may require accu 
rate positioning of a nozzle. FIGS. 2A and 2B are a Sche 
matic Side elevational and a Schematic top view, 
respectively, of an nozzle 113 positioned relative to a 
Substrate S. 
With reference to FIG. 1, the inventive nozzle calibration 

method 11 starts at step 13. In step 15, a process height X 
measured between the nozzle 113 and a Substrate Supporting 
Surface of a Substrate Support 115 is fixed (i.e., can not vary). 
For example, the nozzle 113 may be positioned such that the 
process height X is 3.5 mm from the Substrate Supporting 
surface of the Substrate support 115. The process height X of 
the nozzle 113 may be fixed by coupling both the nozzle 113 
(e.g., via a nozzle mounting arm 117 having the nozzle 113 
mounted thereto) and the Substrate support 115 to a surface 
of a chamber (e.g., a bottom wall of a chamber). 

Then, in Step 17, the angle of incidence C. measured 
between the nozzle 113 and a line normal to the Substrate's 
surface is fixed. Thus, the position of the nozzle 113 is fixed 
in a first plane. For example, the nozzle 13 may be posi 
tioned Such that the angle of incidence C. is 45. The angle 
of incidence a, may be fixed by configuring the nozzle 113 
and a portion of the nozzle mounting arm 117 to which the 
nozzle 113 is coupled (i.e., a nozzle mounting location 119 
as shown in FIG. 4) such that the nozzle 113 can be properly 
mounted to the nozzle mounting location 119 only in one 
orientation. 

Thereafter, in Step 19, an impact angle 0 is allowed to vary 
as shown in FIG. 2B, the impact angle 0 is measured 
between the fluid sprayed from the nozzle 113 and a line 
drawn in the plane of the wafer, adjacent the impact point 
and tangent to the Substrate S (tangent line 121). Thus, the 
nozzle's position is allowed to vary in a Second plane, that 
is, in the plane of the wafer. 

In order to illustrate the allowed variation of impact angle 
0, FIG. 2B shows the nozzle 113 at two distinct positions 
relative to the tangent line 121. For example, in a first 
position A, the impact angle 0 is Zero. In a Second position 
B, the impact angle 0 is 45 degrees. An impact angle 0 of 30 
is presently preferred. 

In one aspect, the impact angle 0 may have a limited range 
within which the impact angle 0 may vary, for example to 
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prevent fluid Spray from being directed inward toward the 
center of the Substrate S. To limit the range with which the 
impact angle 0 may vary, the nozzle 113 and the nozzle 
mounting location 119 may be configured Such that the 
nozzle 113 may be mounted to the nozzle mounting location 
19 only when the nozzle 113 is within the range with which 
the impact angle 0 permissibly may vary (e.g., the nozzle 
position is fixedly limited). Such a configuration is further 
described with reference to FIG. 4. After the variables are 
thus defined, the process ends at Step 21. 

Because the angle of incidence C. and the process height 
X are fixed, the impact angle 0 measured between the fluid 
sprayed from the nozzle 113 and the tangent line 121 varies 
without affecting the fluid impact point 23 as described 
further below with joint reference to FIGS. 3 and 4, which 
show the inventive nozzle and nozzle mounting arm 117 
mounted with in an EBR chamber 125, and which are useful 
in describing the inventive nozzle calibration method. 

FIG. 3 is a bottom perspective view of the pertinent 
portions of an EBR chamber 125 that are useful in describ 
ing the inventive nozzle calibration method 11. The EBR 
chamber 125 may comprise a lid 127 and a substrate support 
115 (e.g., a rotatable platform) mounted thereto and extend 
ing downwardly therefrom. The substrate support 115 is 
adapted to hold a Substrate S in a flat position and may 
employ a vacuum chuck, an electrostatic chuck or other 
known methods adapted to hold the substrate S in a known 
position. In this example, the substrate support 115 is further 
adapted to rotate the Substrate S positioned thereon. 
The EBR chamber 125 may also comprise one or more of 

the inventive nozzle assemblies 117, each of which may be 
mounted to the lid 127. The inventive nozzle assemblies 117 
and the Substrate Support 115 are each coupled to and extend 
downward from the lid 127 of the EBR chamber 125. Hence, 
the lid 127 may serve as a datum plane Such that a proceSS 
height X between the substrate S and a portion of the 
inventive nozzle mounting arm 117 (e.g., an orifice of the 
nozzle 113 as shown in FIG. 4) may be fixed. Thus, 
whenever an inventive nozzle 113 is coupled to the nozzle 
mounting arm 117 and a Substrate is positioned on the 
Substrate Support, the distance between the nozzle orifice 
and the Substrate Support will be a predetermined distance. 

FIG. 4 is a close up side elevational view of the inventive 
nozzle mounting arm 117 of FIG. 3. The nozzle mounting 
arm may have a plurality of nozzles mounted thereto and 
adapted to Spray an etchant onto the upper edge and lower 
edges of the Substrate S, respectively (Such as the pair of 
nozzles 113a–b shown in FIG. 4). The nozzle 113 may be 
coupled to the inventive nozzle mounting arm 117 and may 
be adapted to Spray a fluid Such as an etchant onto the edge 
of a Substrate S. In one aspect, by adjusting the Velocity of 
the etchant spray, the nozzle 113a–b may direct the etchant 
Spray to a predetermined portion of the Substrates SS edge 
(e.g., to an edge exclusion range E from which material is to 
be etched), thus controlling the Zone of etching. AS will be 
understood from the above description, the inventive nozzle 
mounting arm 117 may further comprise a nozzle mounting 
location 119a–b adapted to receive a removably coupled 
nozzle 113 and a mounting surface 131a-badapted to mount 
the nozzle mounting arm 117 within the EBR chamber 125, 
(e.g., to a surface of the EBR chamber 125, such as the lid 
127). 
The nozzle mounting location 119a–b, may be configured 

Such that when the nozzle 113 is mounted thereto, the nozzle 
113a-b's position is fixed in the first plane, thus fixing the 
angle of incidence C. measured between the nozzle 113a-b 

15 

25 

35 

40 

45 

50 

55 

60 

65 

4 
and the line normal to the Surface of the Substrate. The 
nozzle 113 itself may comprise a spray portion 133a–b and 
a mounting Surface 135a–b adapted to mount to the inven 
tive nozzle mounting arm 117 at the nozzle mounting 
location 119a–b, e.g., via a bolt 137a-b. In order to fix the 
angle of incidence OC (the nozzle's position in the first plane), 
the nozzle mounting surface 35 of the nozzle 113 may be 
configured with a certain angle, and/or with one or more 
notches or protrusions (not shown) that is/are designed to 
correspond to an angle and/or one or more protrusions or 
notches on the nozzle mounting location 119a-b. The nozzle 
mounting location 119a-b is the nozzle 113a-b's central 
axis of rotation in a Second plane. 

In one aspect, the nozzle mounting location 119 may 
comprise a position limiter 139a–b adapted to define a range 
in the Second plane, within which the nozzle position may 
vary. In this aspect, the inventive nozzle mounting arm 117 
may be configured such that the nozzle 113a–b may only be 
mounted thereon when the nozzle 113a-b is oriented within 
the permissible range. Outside the range, the mounting 
surface 135a–b of the nozzle 113a–b may be blocked by the 
position limiter 139a–b. Thus, the nozzle 113a–b may be 
easily mounted within a desired range. Also, the position 
limiter 139a–b may limit the range within which an impact 
angle 0 (FIG. 2B) (measured between the etchant sprayed 
from the nozzle 113a–b and a tangent line 121) may vary, 
Such that Splashing that may result when the etchant contacts 
the Substrate S, may be directed away from the major Surface 
of the Substrate S. Accordingly, when the nozzle position is 
fixedly limited, the nozzle 113a–b may be mounted to the 
mounting arm 117, and Substrate processing may begin 
without need for nozzle calibration. 

In an exemplary aspect, the inventive nozzle mounting 
arm 117 may comprise a plurality of the nozzle mounting 
locations adapted to receive inventive nozzles 113a-b 
adapted to Spray an etchant onto the upper edge and lower 
edge of the Substrate S, respectively as shown in FIG. 4. 

In operation, a wafer handler (not shown) places a Sub 
Strate S on the Substrate Support 115 and upon actuation 
(e.g., closing of grippers, electrostatic checking, etc.) of the 
substrate support 115, the substrate S is held thereon. 
Thereafter, the Substrate support 115 may rotate the substrate 
S while the inventive nozzles 113a–b supply etchant to the 
edges of the front and back Surfaces of the Substrate S, 
respectively. 
As is evident from the description above, the inventive 

nozzle mounting arm 117 is configured Such that the angle 
of incidence C. and the proceSS height X may remain fixed. 
When the angle of incidence C. and the process height X are 
fixed, the impact angle 0 measured between the etchant 
sprayed from the nozzle 113 and the tangent line 121 may 
vary without affecting the fluid impact point 123. Thus, the 
inventive nozzle mounting arm 117 is configured Such that 
the fluid impact point 123 may remain constant regardless of 
the nozzle 113's position in the second plane. If the nozzle 
113 becomes slightly misaligned (relative to the nozzle 
mounting arm 129) in the second plane or if the nozzle 113 
rotates about its central axis of rotation, the fluid impact 
point 123 may still remain constant. 
The foregoing description discloses only the preferred 

embodiments of the invention, modifications of the above 
disclosed apparatus and method which fall within the Scope 
of the invention will be readily apparent to those of ordinary 
skill in the art. For instance, the number of inventive nozzle 
assemblies 117 may vary. The inventive aspects may be 
employed in any conventional apparatus, Such as a spin 
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rinse-dryer (SRD). Also, the inventive aspects may be 
employed regardless of wafer orientation (e.g., horizontal or 
vertical). 

Accordingly, while the present invention has been dis 
closed in connection with the preferred embodiments 
thereof, it should be understood that other embodiments may 
fall within the Spirit and Scope of the invention, as defined 
by the following claims. 

The invention claimed is: 
1. A nozzle assembly comprising: 
a nozzle having a nozzle orifice from which the nozzle is 

adapted to direct a fluid spray in a first direction, and a 
nozzle mounting axis about which the nozzle is adapted 
to be rotated, the nozzle mounting axis being at an 
angle to the first direction Such that a line of Sufficient 
length drawn in the first direction from the nozzle 
orifice intersects the nozzle mounting axis, and 

a nozzle mounting location adapted Such that when the 
nozzle is mounted thereto the nozzle's position is fixed 
in a first plane. 

2. A nozzle assembly comprising: 
a nozzle having a nozzle orifice from which the nozzle is 

adapted to direct a fluid spray in a first direction, and a 
nozzle mounting axis at an angle to the first direction 
Such that a line of Sufficient length drawn in the first 
direction from the nozzle orifice intersects the nozzle 
mounting axis, and 

a nozzle mounting location adapted Such that when the 
nozzle is mounted thereto the nozzle's position is fixed 
in a first plane, 

wherein the nozzle mounting location comprises a posi 
tion limiter adapted to limit the nozzle's position in a 
Second plane. 

3. The nozzle assembly of claim 2 wherein the position 
limiter limits the nozzle's position within a range. 

4. A nozzle assembly comprising: 
a nozzle having a nozzle orifice from which the nozzle is 

adapted to direct a fluid spray in a first direction, and a 
nozzle mounting axis at an angle to the first direction 
Such that a line of Sufficient length drawn in the first 
direction from the nozzle orifice intersects the nozzle 
mounting axis, 

an arm having: 
a mounting Surface adapted to mount the arm within a 

processing apparatus, and 
a nozzle mounting location adapted Such that when the 

first nozzle is mounted thereto, the first nozzle's 
position is fixed in a first plane. 

5. The nozzle assembly of claim 4 wherein the nozzle 
mounting location comprises a position limiter adapted to 
limit the first nozzle's position in a Second plane. 

6. The nozzle assembly of claim 5 wherein the position 
limiter limits the nozzle's position within a range. 

7. A nozzle assembly comprising: 
a first nozzle; 
a Second nozzle; and 
an arm having: 

a mounting Surface adapted to mount the arm within a 
processing apparatus; 

a first nozzle mounting location adapted Such that when 
the first nozzle is mounted thereto, the first nozzle's 
position is fixed in a first plane; and 

a Second nozzle mounting location adapted Such that 
when the Second nozzle is mounted thereto, the 
Second nozzle's position is fixed in the first plane. 
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6 
8. The nozzle assembly of claim 7 wherein the second 

nozzle mounting location comprises a position limiter 
adapted to limit the Second nozzle's position in the Second 
plane. 

9. The nozzle assembly of claim wherein 8 wherein the 
position limiter limits the Second nozzle's position within a 
range. 

10. The nozzle assembly of claim 9 wherein the first 
nozzle mounting location and the Second nozzle mounting 
location are adapted Such that the first nozzle may output a 
Spray to a top Surface of a Substrate and Such that the Second 
nozzle may output a spray to a bottom Surface of the 
Substrate. 

11. The nozzle assembly of claim 8 wherein the first 
nozzle mounting location and the Second nozzle mounting 
location are adapted Such that the first nozzle may output a 
Spray to a top Surface of a Substrate and Such that the Second 
nozzle may output a spray to a bottom Surface of the 
Substrate. 

12. The nozzle assembly of claim 7 wherein the first 
nozzle mounting location and the Second nozzle mounting 
location are adapted Such that the first nozzle may output a 
Spray to a top Surface of a Substrate and Such that the Second 
nozzle may output a spray to a bottom Surface of the 
Substrate. 

13. A Substrate Spinner comprising: 
a processing chamber having a first Surface; 
a rotatable Substrate Support coupled to the first Surface 

and adapted to Spin a Substrate position thereon, and 
a nozzle assembly coupled to the first Surface, and com 

prising: 
a nozzle having a nozzle orifice from which the nozzle 

is adapted to direct a fluid Spray in a first direction, 
and a nozzle mounting axis at an angle to the first 
direction Such that a line of Sufficient length drawn in 
the first direction from the nozzle orifice intersects 
the nozzle mounting axis, 

an arm having: 
a mounting Surface adapted to mount the arm within 

a processing apparatus, and 
a nozzle mounting location adapted Such that when 

the nozzle is mounted thereto, the nozzle's posi 
tion is fixed in a first plane. 

14. A nozzle assembly comprising: 
a first nozzle having a first nozzle orifice from which the 

first nozzle is adapted to direct a fluid Spray in a first 
direction, and a first nozzle mounting axis at an angle 
to the first direction such that a line of sufficient length 
drawn in the first direction from the first nozzle orifice 
intersects the first nozzle mounting axis, 

a Second nozzle having a Second nozzle orifice from 
which the Second nozzle is adapted to direct a fluid 
Spray in a Second direction, and a Second nozzle 
mounting axis at an angle to the Second direction Such 
that a line of Sufficient length drawn from the second 
nozzle orifice intersects the Second nozzle mounting 
axis, and 

an arm having: 
a mounting Surface adapted to mount the arm within a 

processing apparatus; 
a first nozzle mounting location adapted Such that when 

the first nozzle is mounted thereto, the first nozzle's 
position is fixed in a first plane; and 

a Second nozzle mounting location adapted Such that 
when the Second nozzle is mounted thereto, the 
Second nozzle's position is fixed in the first plane. 
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15. The nozzle assembly of claim 14 wherein the first 
nozzle mounting location comprises a position limiter 
adapted to limit the first nozzle's position in a Second plane. 

16. The nozzle assembly of claim 15 wherein the position 
limiter limits the first nozzle's position within a range. 

17. The nozzle assembly of claim 16 wherein the first 
nozzle mounting location and the Second nozzle mounting 
location are adapted Such that the first nozzle may output a 
Spray to a top Surface of a Substrate and Such that the Second 
nozzle may output a spray to a bottom Surface of the 
Substrate. 

18. The nozzle assembly of claim 15 wherein the first 
nozzle mounting location and the Second nozzle mounting 
location are adapted Such that the first nozzle may output a 
Spray to a top Surface of a Substrate and Such that the Second 
nozzle may output a spray to a bottom Surface of the 
Substrate. 
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19. The nozzle assembly of claim 14 wherein the first 

nozzle mounting location and the Second nozzle mounting 
location are adapted Such that the first nozzle may output a 
Spray to a top Surface of a Substrate and Such that the Second 
nozzle may output a spray to a bottom Surface of the 
Substrate. 

20. A nozzle comprising: 
a nozzle orifice from which the nozzle is adapted to direct 

a fluid spray in a first direction; and 
a nozzle mounting axis about which the nozzle is adapted 

to be rotated, the nozzle mounting axis being at an 
angle to the first direction Such that a line of Sufficient 
length drawn in the first direction from the nozzle 
orifice intersects the nozzle mounting axis. 

k k k k k 


